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Abstract
· AIM:Toinvestigatetheeffectofamnioticmembrane
covering(AMC)onthehealingofcorneaepitheliumand
visualacuityforfungalkeratitisafterdebridement.
· METHODS: Twenty fungal keratitis patients were
dividedintotwogroupsrandomly,theAMCgroupand
the control group, ten patients each group. Both
debridementoftheinfectedcorneatissueandstandard
anti-fungusdrugstreatmentsweregiventoevery
patients,monolayeramnioticmembraneweresuturedto
thesurfaceoftheentirecorneaandbulbarconjunctiva
with10-0nylonsutureforpatientsintheAMCgroup.
Thediameteroftheulcerwasdeterminedwithslitlamp
microscope and the depth of the infiltration was
determinedwithanterior segment optical coherence
tomography.Uncorrectedvisualacuity (UCVA)was
testedbeforesurgeryandthreemonthafterhealingof
theepitheliallayer.Thehealingtimeofthecornea
epithelium,visualacuity(VA)wascomparedbetweenthe
twogroupsusing test.
· RESULTS:Therewasnostatisticaldifferenceofthe
diameteroftheulcer,depthoftheinfiltration,heightof
thehypopyonandVAbetweenthetwogroupsbefore
surgery(跃 0.05).TheaveragehealingtimeoftheAMC
groupwas6.89 依2.98d,whichwasstatisticallyshorter
thanthatofthecontrolgroup(10.23依2.78d)( 约 0.05).
TheaverageUCVAoftheAMCgroupwas0.138依0.083,
whichwasstatisticallybetterthanthatofthecontrol
group(0.053依0.068)( 约 0.05).
· CONCLUSION:AMCsurgerycouldpromotehealingof
corneaepitheliumafterdebridementforfungalkeratitis
andleadtobetterVAoutcome.
· KEYWORDS: amnioticmembrane;fungalkeratitis;cornea
epithelium;visualacuity
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INTRODUCTION
F
ungalkeratitisisakindofseriouscorneainfectionthat
couldeventuallyleadtoblindnessorlossoftheeyeball
ifnottreatedeffectively.Owingtoagreatvarietyoffungal
pathogens,complexclinicalmanifestations,andlimited
antifungalmedications,fungalkeratitisisoftendifficultto
treat,thusmostofthepatientsneedsurgerytreatment
[1].
Debridementoftheinfectedcorneatissuehasbeenprovedto
beeffectiveinremovingthefungalpathogensandhelpto
controltheinfection,unfortunately,delayedhealingofthe
corneaepitheliummayleadtooverscarringofthecornea
stromathatcouldimpairthevisualacuity (VA)ofthe
patients
[2].Amnioticmembrane(AM)hasbeenwidelyused
topromotethehealingofepitheliallayerofcorneaand
conjunctivafornone-infectiousulcerforalongtime
[3-9],but
onlyafewsurgeonsreportedtheinfluenceofAMfor
infectedcorneaulcer
[10-15].Wetestedtheinfluenceofamniotic
membranecovering(AMC)onthehealingofcornea
epitheliumandVArestorationforfungalkeratitisafter
debridementinthisstudy.
785SUBJECTSANDMETHODS
Patients Thisstudywasapprovedbytheethicscommittee
ofTongjiHospital,TongjiMedicalCollege,Huazhong
UniversityofScienceandTechnology,informedconsentwas
obtainedfrom eachpatient inaccordancewith the
DeclarationofHelsinki.Themedicalchartsoftwenty
patientswhounderwentdebridementwithorwithoutAMC
forfungalkeratitisbyonedoctor(LiGG)from2012to2013
werereviewed.Thediagnosisoffungalkeratitiswasbased
ontheresultofpositivefungalhyphaecornealscrapingunder
microscopewithorwithoutapositivefungalculture.A
positivefungalculturewasdefinedbyaconfirmatorygrowth
offungalcoloniesonColumbiabloodmediumplates.The
patientsweredividedintotwogroups,theAMCgroupand
thecontrolgroup,tenpatientsineachgroup.
AntifungalTreatment Antifungalagents,5%Natamycin
(Alcon,USA),0.25%AmphotericinB(HuabeiPharmaceutical
Group,China)and0.2%Fluconazole(PfizerInc.USA）were
administeredtopically,aseyedropseverytwohours.
Fluconazoleinjectionwasalsousedsystemically,intravenous
0.2geveryday.Antifungaltherapywasadministered
continuouslybeforeandaftersurgery.Thefrequencyof
antifungaltherapywasmaintainedortaperedaccordingtothe
clinicalsituation.Atadmission,patientswereinitiallytreated
withtopicalbroad-spectrumantibioticsinprevisionof
bacterialinfection.
AmnioticMembraneCoveringProcedure HumanAM
waspreparedandpreservedaspreviouslyreported
[4,5].
Informedconsentswereobtainedfromallthepatientsprior
tothesurgery.Underperibulbaranesthesia,thenecrotic
tissueatthebaseoftheulcerwasdebridedandsentfor
cultures.Therolled-upedgeoftheulcerortheloosely
adheredepitheliumadjacenttotheulcerwasalsoremoved.
AMthatcouldcoverthewholecorneaandbulbar
conjunctivawasplacedwithitsepithelialsideupandsecured
withrunning10-0nylonsuturesaroundthelimbusandbulbar
conjunctiva.Attheendofthesurgery,Chlortetracyclineeye
ointment(BeijingShuangjiPharmaceuticalCo.,Ltd.China)
wasapplied,andtheeyewaspatchedfor3h,then
administrationoftheantifungaleyedropswasresumed.
MainOutcomeMeasure Themainoutcomemeasurewere
1)Themorphologyofthelesion(size,anddepthofthe
infiltration,heightofthehypopyon).Thesizeofthelesion
wasrecordedbythediameter,whichistheaverageofthe
largestandsmallestdiameterofthedefectoftheepithelium.
Thedepthoftheinfiltrationwasdeterminedusinganterior
segmentopticalcoherence tomography(As-OCT)
examinationandrecordedastheratioofinfiltrationtothe
wholethicknessofthecornea.Theheightofthehypopyonin
theanteriorchamberwasexaminedunderslitmicroscope
andrecordedinmillimeters;2)Preoperative,postoperative
uncorrectedvisualacuity(UCVA)weretestedandrecorded
usinginternationalstandardVAchart,(VAworsethan0.02
wasrecordedas0),andtheVAwastestedbeforeandthree
monthsaftersurgery;3)Fungalpathogenincorneascraping
andculture;4)Epitheliahealingtimeindays,shownby
corneafluoresceinstaining;5)Treatmentfailurenecessitating
seconddebridementortherapeuticpenetratingkeratoplasty
(TPK).
StatisticalAnalysis Alltestswereperformedatleastin
triplicate.Datasetswereexpressedasmean依SDandtested
withStudent's -testbetweentwosetsoftests.A -valueof
lessthan0.05wasconsideredstatisticallysignificant.
RESULTS
AsshowninTable1andTable2,therewasnostatistical
differencebetweentheaveragediameteranddepthofthe
lesion,heightofthehypopyonoftwogroups(＞ 0.05).
Nineoutoftenpatientsgotcuredofthefungalinfectionand
onepatientneededTPKintheAMCgroup,onepatient
underwentaseconddebridement.Incontrast,eightoutoften
patientsgotcuredofthefungalinfection,withtwopatients
underwentaseconddebridementandtwopatientsneeded
TPKinthecontrolgroup.
AmnioticMembraneCoveringShortenedtheHealing
TimeoftheCorneaEpitheliumandLedtoBetter
VisualAcuity AsshowninTable3,fortheninepatientsin
theAMCgroupandeightpatientsinthecontrolgroupthat
gottotalrecoveryofthecorneaepitheliumandremovalof
thefungalpathogen,thetimeneededforhealingofthe
corneaepitheliumwasstatisticallyshorterintheAMCgroup
thanthatofthecontrolgroup(＜ 0.05).Thescarringand
opacityofthecorneastromainAMCgroupwaslessthan
thatofthecontrolgroup,whichledtobetteruncorrectedVA
intheAMCgroup,withstatisticaldifference(＜ 0.05).As
showninFigure1,No.5patientintheAMCgroup,witha8
mmdiameterdefectofcorneaepithelium(A),0.3cornea
thickness depthof infiltration(D),underwentlesion
debridement(D,redline)andAMCsurgery,AMcouldbe
shownwithOCT(B,E),corneaepitheliumhealedwithinten
days,withminorscarformationinthestroma(C,F).In
contrast,Figure2demonstratedthatNo.13patientinthe
controlgroup,alsowitha8mmdiameterdefectofcornea
epithelium(A),0.3corneathicknessdepthofinfiltration(D),
underwentlesiondebridement(D,redline)butnotAMC
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Table 1 Demographic data 
Groups  Sex/Age (a)  Eye  Cornea scraping  Fungal culture  Needing second debrition  Needing TPK 
AMC group             
1  M/62  OS  +  Fusarium +  N  N 
2  F/63  OS  +  Fusarium +  N  N 
3  M/47  OD  +  -  N  N 
4  M/62  OS  +  Fusarium +  N  N 
5  F/58  OS  +  Fusarium +  N  N 
6  F/63  OS  +  Aspergillus +  Y  N 
7  F/61  OS  +  -  N  N 
8  M/47  OD  +  Aspergillus +  N  N 
9  M/56  OS  +  Aspergillus +  N  Y 
10   F/52  OD  +  Fusarium +  N  N 
Control group             
11  M/47  OS  +  Fusarium +  N  N 
12  M/48  OS  +  Fusarium +  N  N 
13  M/60  OD  +  -  Y  N 
14  M/50  OS  +  Fusarium +  N  N 
15  M/46  OS  +  Fusarium +  N  N 
16  M/67  OS  +  Aspergillus +  N  Y 
17  F/50  OS  +  -  Y  N 
18  M/72  OD  +  Fusarium +  N  N 
19  M/56  OD  +  Aspergillus +  N  Y 
20  M/44  OD  +  +  N  N 
+: Positive; -: Negative; Y: Yes; N: Not. 
 
Table 2 Diameter, depth of the infiltration of the cornea and height of hypopyon                                 s x –  
Groups  Diameter (mm)  Depth  Hypopyon (mm) 
AMC  6.65±1.25  0.41±0.12  1.3±1.42 
Control  6.7±1.09  0.39±0.11 
P   0.925  0.702 
1.1±1.29 
0.745 
 
Table 3 Healing time of the cornea epithelium, uncorrected visual acuity before and after the surgery               s x –  
Groups  Healing time (d)  VA-pre-op.  VA-post-op. 
AMC 
16.89±2.98  0.024±0.031  0.138±0.083
a 
Control  10.23±2.78  0.046±0.063 
P   0.018  0.337 
0.053±0.068 
0.038 
pre-op.: Pre-operation; post-op.: Post-operation; 
a P＜0.05. 
surgery,withoutAMcoveringthe surfaceof cornea,
Natamycinadherdtothesurfaceofstromacornea(B,E)
whichinterferedwiththehealingofcorneaepithelium,thus
heexperiencedthesecond timelesiondebridement,
epitheliumhealedtwenty-onedayslater,withapparentscar
formationinthestroma(C,F).
DISCUSSION
IthasbeenwellknownthatAMcouldpromotethehealingof
corneaepitheliuminnone-infectiouscorneaulcer
[3-9].Liu
[3] reportedthatAMmakesepithelialcellmigration
easier,andstrengthenthebasalcellsconnect.Boudreau
[16]
foundthatAMcouldpreventapoptosisofepithelialcellsand
acceleratecornealepitheliumhealingthroughproviding
naturalpolymervectorforcornealepithelialcells.Thomasen
[17] confirmedthatAMcanproducesomegrowthfactors
suchasbasicfibroblastgrowthfactor(bFGF),hepatocyte
growthfactor(HGF)andtransforminggrowthfactor-茁
(TGF- 茁)thatcouldpromotethegrowthofcornealepithelial
cells.Furthermore,transplantedAMhasbeenprovedto
integratewithcorneastromaincornealulcers
[18,19].
Whileforfearoftheinterferenceofthecontrolofpathogens
likefungus,bacteriaandacanthamoeba,onlyafewauthors
reportedtheuseofAMininfectiouskeratitis
[10-15],Sangwan
andBasu
[20] foundthatAMhasantimicrobialproperties.Das
[21] onceevenreportedacaseoffungalkeratitis
followingAMtransplantationforbullouskeratopathy.Asfor
fungal keratitis, Kim
[10] reportedthat AM
transplantationseemstobeausefuladjunctivesurgical
787Figure1AcaseoftheamnioticmembranecoveringgroupobservedunderslitlampmicroscopyandAs-OCT A,D:Before
surgery;B,E:Twodaysaftersurgery,withAMcoveringthesurfaceofcornea,thethicknessofAMwasapproximately100 滋masshownin
theOCTfigureE;C,F:Tendaysaftersurgery,theAMhadbeenremoved,thecorneaepitheliumhealedwithscarformationinthestroma,
uncorrectedvisualacuity0.2.
procedureforthemanagementofinfectiouscornealulcerlike
staphylococcusspecies,pseudomonasspecies,acanthamoeba
species,fungus,bypromotingwoundhealingandreducing
inflammation.Chen
[11] reportedthatAMiseffectivein
promotingepithelializationandpreventing corneal
perforationsinacutefungalkeratitis,andthereisnoriskof
rejection.However,theriskofpersistentorrecurrent
infectionnecessitatescontinuedantifungaltreatmentand
patientmonitoring.Bothofthesetwopapersemphasizedthe
importanceofremovalofthepathogenandmedicaltreatment
forsuccessofinfectioncontrolandepithelialhealing.
Inthisstudy,usingrandomizedprospectivecontrolled
sequencemethod,weobservedtheinfluenceofAMCsurgery
on the outcomeoffungalkeratitistreatmentafter
debridement.Becausetherewasnostatisticaldifferenceof
thelesionbeforetreatment,morecasesgotinfectioncuredin
theAMCgroupthanthatinthecontrolgroup(nine eight),
fasterepitheliumhealingandbetterVAintheAMCgroup,
thusweconcludethatAMCcouldpromotethecornea
epitheliumhealingandimprovetheVAoutcomeforfungal
keratitispatients.Thereductionofinflammationduringthe
healingoftheepitheliumbyAMreducedthescarringofthe
stromathataccountforbetterVAaftersurgery
[22].Our
experiencealsoindicatingthatthoroughremovalofthe
Figure2AcaseofthecontrolgroupobservedunderslitlampmicroscopyandAs-OCT A,D:beforesurgery;B,E:twodaysafter
surgery,withoutAMcoveringthesurfaceofcornea,butwithNatamycinadheringtothesurfaceofstroma;C,F:21daftersurgery,thecornea
epitheliumhealedwithscarformationinthestroma,uncorrectedvisualacuity0.1.
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fungalpathogenwithdebridementsurgerybeforeAMCand
effectiveantifungaldrugsarealsonecessaryforthecureof
infectionandrebuildingofvisualfunction.
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